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We presenta measurementf four new bottombaryonsin proton-antiprotorcollisionswith a centerof
massenegy of 1.96 TeV. Using 1.1 fb~1 of datacollectedby the CDF Il detectorwe obsere l‘our/\gni
resonance thefully reconstructeaﬂecaymode/\g — A$TT, whereAf — pK™—1tt. The probability
for the backgroundto producea similar or larger signalis lessthan 8.3 x 10-8, correspondingo a

significanceof greaterthan5.2 . We interpretthesebaryonsasthe Zf)*)i states.

1 Introduction

The Tevatron at the Fermi National AcceleratorLaboratorycollides pp with a centerof massenegy
of 1.96 TeV. The Collider Detectorat Fermilab,or CDF, experimentemplg/s a generalmultipurpose
detectot to reconstrucparticlephysicseventsfrom thesecollisions. With a b hadroncrosssectionof ~
50 b (n| < 1.0),2 CDF hascollecteda wealthof experimentaldataon b hadrons.Using this data,we

announcehefirst obserationof the z@*’i baryons.

2 3 Theoretical Predictions

Only oneb baryonhasbeenpreviously establishedthe groundstateA?, which containsb, u, andd
quarkswith the two light quarks(u andd) in a flavor antisymmetricdiquark state. CDF usesa two
displacedracktriggerto selecthedecayof AY — AF 1, with Af — pK=1t* (inclusionof therespectie
chage conjugatemodesis assumedhroughoutthis paper). The two displacedtrack trigger requires
two high pr tracksdisplacedfrom the pp interactionpoint; in the decayof /\8, the two trackswhich
satisfy the requirementsare primarily the pion from the /\8 decayandthe protonfrom the A} decay
Using1.1fb~! of datacollectedby the CDF Il detectorbetweenFebruary2002andMarch2006,CDF
possessethe world's largestsampleof bottombaryonswith 3180+ 60 (stat.) /\8 — AfT candidates.
Thereconstructed\? invariantmassdistribution is shavn in Fig. 1.



The next accessiblé baryonsarethe lowestlying Zé*) stateswhich decaystronglyto A2 baryons
by emitting pions. The Zé*“ baryonscontainoneb andtwo u quarks,the ZE,*)_ baryonscontainoneb
andtwo d quarks,andthe ZE,*)O baryonscontainthe b, u, andd quarks.In the ¥, baryonsthetwo light
quarksarein a flavor symmetricdiquark state,leadingto a doubletof baryonswith J° = %+ (Zp) and
JP = :—23+ (5. Becauseié*)o decaydo /\gnO andthe CDF Il detectorcannotreconstrucneutralpions,

we expectto obsere only the chaged Zé*)i states.

Thereis predictedo bea hyperfinemasssplitting betweernthedoubletstates, and}, aswell asa
masssplitting betweerthe ZE,*)_ anle(J*)Jr statesdueto strongisospinviolation. Predictiondor the ZE,*)
masse®xist from heary quarkeffective theories non-relawistic andrelatvistic potentialmodels,1/N¢
expansion,sumrules, andlattice QuantumChromodynamicalculations. Thesepredictionsexpect®
m(Zp) — M(AD) ~ 180— 210 MeV/c?, m(Z}) — m(Zp) ~ 10— 40 MeV/c?, andm(Z;) — m(ZH) ~5—7
MeV/c2. The intrinsic width of ZE)*) baryonsis dominatedby the P-wave one-piontransition,whose
partialwidth depend®n the availablephasespace? For the predictedrangeof Zl()*) massestheintrinsic
width variesbetweer? and20 MeV/c?.

3 Analysis Methodology

We searchfor four resonam‘/\gnjE statesconsistenwith theoreticalpredictionsfor %, whereZ, now

refersto both chaged J = 37 (2f) andJ = 3" (=;*) states. To minimize the contritution of the

massresolutionof each/A? candidatethe searchis madefor narrav resonances the massdifference
distribution of Q = m(A2m) — m(AQ) — my. Eventsareseparatedhto “AQTT" and“ASmtt” subsamples;
AOTT containss()~ andZL” ™ while A%t containss{* and={ .

TheAQ candidates combinedwith apromptpion, asthe 5, decaysstronglyat the primaryvertex of
the pp collision. To performanunbiasedptimizationof the selectioncriteria, we useasa background
sampleonly thosetracksfar from the expected>;, signalregion. Fromtheoreticapredictionsthe signal
regionis definedas30 < Q < 100MeV/c?. Theprinciplesourceof backgroundn the X, Q distribution
are tracksfrom the hadronizationof promptA? baryonsand B mesonsreconstructedis A2 baryons,
and combinatorialbackground.The percentagef eachbackgroundsourcein the Z, Q distribution is
fixed from the A invariant massfit shavn in Fig. 1, which is 89.4% A2 baryons,7.3% B mesons,
and 3.3% combinatorialbackground.The Q distribution of eachbackgroundccomponenis established
before unblinding the signal region. The high massregion above the /\8 — NS signalin the /\8
massdistribution (Fig. 1) determineshe combinatorialbackground.Reconstructingd® — D1 data
as/\g — N\f T givesthe backgroundrom B hadronizatiortracks. The largestbackgrounccomponent,
from AQ hadronizatiortracks,is obtainedfrom aAY PY THIA 5 Monte Carlosimulation.

4 51 Results

After determininghebackgroundhapewe obsere anexcessf eventsovertheexpectedackgroundn
theZ, signalregion. Theexcessn the/\grr subsamplés 118candidatesver 288expectedbackground
candidateswhile in the/\grr’r subsampléheexcesds 91 over 313expectedbackgroundcandidatesThe
strengthof theX;,, hypothesiss evaluatedusingasateststatisticthelikelihoodratio, LR= Lg/L, whereL
is thefit likelihoodof thefour 2, signalhypothesiaandL g is thefit likelihoodof analternatehypothesis
suchastheno signalhypothesisUsing simplistic Monte Carlo sampleof backgroundluctuationswe
find the probability of the no signal hypothesisto be lessthan 8.3 x 10°8, correspondingo a signall
significanceof greatetthan5.2 o.

The subsamplesre modeledwith a simultaneousinbinnedmaximumlikelihoodfit comprisinga
signalfor eachexpected>, stateplusthe background.Eachsignalconsistsof a non-relatvistic Breit-
Wigner distribution convolutedwith a doubleGaussiarmodelof the detectorresolution. The intrinsic



width of the Breit-Wigneris computedirom the available phasespacegiven the centrallocationof the
signal. Due to low statistics,the constraintm(Z}") — m(Z) = m(Z}~") — m(Z,) = A(Z}) is added.
The %, signalfit to data,which hasa x? fit probability of 76% in the rangeQ € [0,200 MeV/c?, is

shavn in Fig. 2. The majority of the systematiauncertaintyon the yield measuremenis dueto poor
knowledge of the Ay hadronizationbackgroundwhile the majority of the systematicuncertaintyon

the massmeasuremenis dueto the CDF massscaleuncertainty The final resultsfor the yields are
N(Z}) = 32713 (stat.) 3 (syst.) N(Z,) = 59715 (stat.)§ (syst.) N(Z;F) = 7771{ (stat.) 2° (syst.) and
N(Z;~) = 69718 (stat.) £° (syst.) ThesignallocationsareQ(Z,) = 485739 (stat.)'33 (syst.)MeV/c?,

Q(Z;) = 559+ 1.0 (stat.)t 0.2 (syst.)MeV/c?, andA(Z}) = 21272 (stat.) 3 (syst.)MeV/c2.

5 Summary

The/\gni resonanstatesobseredin 1.1 fb~! of CDF Il dataareconsistentvith thelowestlying chaged
2, baryonsandthe obsered propertiesarein agreementvith theoreticapredictions.Usingthe CDF I
measuremefitof m(AJ) = 56197+ 1.2 (stat.)£1.2 (syst.)MeV/c?, themasse®f eachstateare
m(Z,) = 5807837 (stat.)+ 1.7 (syst.)MeV/c?,
m(Z;,) = 58152+ 1.0 (stat.)+ 1.7 (syst.)MeV/c?,
m(Z;") = 58290118 (stat.) 14 (syst.)MeVi/c?,
m(Z;") = 58364+ 2.0 (stat.) 18 (syst.)MeV/c%.
Thisis thefirst obseration of thelowestlying chagedZ, baryons.
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Figure1: Unbinnedmaximumlikelihoodfit to the reconstructednvariantmassof /\g — AT candidatesThefully recon-
structed\) modes(suchasAd — A¢ T andAY — AFK ™) arenotshavn separatelyn thefigure.

Figure2: Unbinnedmaximumlik elihoodfit to the Z,, Q distributions. The top plot shavs the/\grﬁr combinationswhile the
bottom plot shaws the /\grr combinations. The insetsshav the expectedbackgroundplotted on the datafor Q € [0, 500]
MeV/c2, while the 2y, signallfit is shavn on areducedangeof Q € [0, 200] MeV/c2.
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